Sicily hosts the largest European population of the endangered lanner falcon, a poorly known species which needs conservation planning based on habitat preferences. A distribution model on 10 Â 10 km cells of Sicily was described using Generalized Linear Models and variation partitioning methods. This modelling approach extracted explanatory factors, pure and joint effects of greatest influence from subsets of variables controlled for multi-collinearity and spatial autocorrelation. Analytical cartography used the environmental favourability function to assess habitat preferences, and the insecurity index estimated the degree to which lanner falcon occupancy is represented in the Natura2000 networks of Sicily. The lanner population is not randomly distributed across the geographical space as the significant latitudinal effect revealed. The most parsimonious explanatory model suggested traditional agro-ecosystems (i.e. arable lowlands and grasslands, with rugged terrains and cliffs) as the best predictors of lanner occupancy, and gave strong support to the negative effects of land abandonment and intensification (i.e. increase of heterogeneous areas and shrubby vegetation). The variation partitioning method suggested how an alteration of traditional agro-ecosystems might enhance interference competition with the peregrine falcon and limit lanner falcon occupancy. Most of the lanner falcon favourable habitats fall outside the Natura2000 networks, thus the main challenge for its conservation is represented by agri-environmental measures to be taken within the Common Agricultural Policy of the European Union. Conservation of traditional agro-ecosystems devoted to top-predators, like the lanner falcon, requires single environmental management agreements for multiple farm units, deployed at landscape scale on a network of favourable areas.
Introduction
Complex gradients of anthropogenic disturbances and historical changes of land uses have created over millennia, the agrosylvo-pastoral landscape mosaics (=agro-ecosystems) of the Mediterranean basin (Blondel and Aronson, 1999) . Actually, these human-generated open landscapes contain more specialised bird communities than forests (Clavero and Brotons, 2010) , and the high species diversity and endemism of the Mediterranean basin is documented as a global biodiversity hotspot (Myers et al., 2000) .
Biodiversity is one of the three priority levels for the European Union (EU), whose agricultural policies should have been adapted to halt the rate of biodiversity loss by 2010 and beyond (European Commission, 2006) . Nevertheless in the last decades, expansion of the EU and its common market continued driving agricultural intensification; and the EU Common Agricultural Policy (CAP) is influencing the management of nearly half of terrestrial area of Europe, so causing vast landscape-scale changes (Pe'er et al., 2014) . According to Balmford et al. (2009) , intensification of farming practices in flat and coastal areas and abandonment of less productive and marginal lands, represent the main threats of agriculture on wildlife. These two opposite trends are rapidly changing friendly-to-wildlife farming systems (Brotons et al., 2004; Brambilla et al., 2008) , and they will be even more enhanced, as forecasted by a range of future land-use change scenarios in the EU countries (Rounsevell et al., 2006) . Changes in Mediterranean agro-ecosystems are affecting bird communities (Fonderflick et al., 2010; Sirami et al., 2008) and wildlife diversity (e.g. dung beetles, Zamora et al., 2007) . Therefore, the widespread decline in European wildlife linked to agro-ecosystems currently presents a major conservation challenge (Butler et al., 2010; Green et al., 2005; Pain and Pienkowski, 1997) , and understanding what specific land uses cause the most serious effects on wildlife and how they might evolve is required to estimate anthropogenic impacts on biodiversity of the Mediterranean basin (Donald et al., 2001; Foster et al., 2003) .
The recognized broad influence of the CAP on the EU biodiversity has promoted the Rural Development Regulation (Pillar 2 of the CAP), trying to promote the maintenance of agro-ecosystems through measures designed to encourage farmers to protect and enhance habitat quality on their farmlands (Pe'er et al., 2014) . Agri-environment schemes (AES) provide for payments to farmers in return for a service that is the maintenance of agricultural practices allowing the conservation of threatened species (De la Concha, 2005; European Commission, 2005) . AES were introduced into EU law in the 1980s, and although designed primarily as a production control measure, they rapidly became the most important support to biodiversity in agro-ecosystems across the whole Europe (Whittingham, 2007) . Depending on the species and landscape studied, AES were successful for some species and neutral for others (Batáry et al., 2011; Broyer et al., 2014; Reino et al., 2010) , or even had negative effects (6% of cases reviewed in Kleijn and Sutherland, 2003) . Nonetheless, Kleijn and Sutherland (2003) found a positive response for biodiversity in the 54% of cases reviewed across Europe, as well as many recent studies on plant and animal diversity did (e.g. Hiron et al., 2013; Kovács-Hostyánszki and Báldi, 2012; Pywell et al., 2012) . Despite their patchy success (Sutherland, 2004) and debates on their effectiveness (Whittingham, 2011) , AES still provide the major tool to support conservation actions in agro-ecosystems (Stoate et al., 2009) .
As main legislation for wildlife conservation, beside the institution of National and Local Nature Parks and Reserves, the EU has coordinated the implementation of a conservation network at a large spatial scale, namely the Natura 2000 (N2000). This protection network is based on the Birds (79/409/EEC, then amended in 2009/147/EC) and Habitats Directive of the European Union (92/43/EEC, consolidated in 2007) , which focuses on the preservation of the favourable conservation status of threatened habitats, animal and plant species (as listed in the Annexes of both Directives). In many EU countries, AES implementation forms a substantial part of nature protection relative to farmed landscapes within the N2000 networks (European Commission, 2005) .
Species distribution models (SDM, Guisan and Thuiller, 2005) are increasingly being used to address a wide range of questions in ecology, conservation and environmental sciences (Elith and Leathwick, 2009 ). In conservation biology, one major goal of regional-scale modelling is to search for anthropogenic drivers (e.g. land use change), abiotic factors (e.g. topography, climate), biotic interactions (e.g. competition), as well as historical and contingent factors that shape species distributions; with the aim to assess the impact of environmental changes and then support management plans for species recovery (Guisan and Thuiller, 2005; Rodríguez et al., 2007) . Species distribution models commonly follow a correlative approach to combine species occurrence data with environmental conditions where a species is known to be present or absent, and then to build a representation of a species' ecological affinities (Guisan and Zimmermann, 2000; Franklin, 2009 ). Model predictions based on this approach have made a considerable contribution to identification of species-environment relationships (Bustamante and Seoane, 2004; Di Vittorio et al., 2012; Lane et al., 2001) and conservation strategies (López-López et al., 2007a,b; Poirazidis et al., 2004) for threatened avian species in Mediterranean area.
Within this context, the lanner falcon (Falco biarmicus), which is distributed across Africa, the Middle East and South-eastern Europe (Ferguson-Lee and Christie, 2001), is an ideal candidate for testing the effects of potential land use changes on wildlife and, if necessary, identifying conservation actions for threatened species in Mediterranean agro-ecosystems. The European subspecies of lanner falcon (F. b. feldeggii) is a medium-sized top predator, which inhabits Mediterranean steppe-like habitats, where it preys upon a variety of vertebrates, including diurnal and nocturnal raptors and carnivores (Massa et al., 1991) . It is included in Annex I of the 2009/147/EC Bird Directive and is classified as vulnerable (Birdlife International, 2004) , due to its small population and dispersal range. The largest European population of F. b. feldeggii, is found in Sicily (AA. VV., 2008; Sarà, 2008) , but its range extends to continental Italy (Andreotti et al., 2008) . In spite of its rarity and unfavourable conservation status, very little is known about the ecology and habitat requirements of this species (Andreotti and Leonardi, 2007) .
The landscape perspective, involving the analysis of large territories, has recently been targeted as the best approach towards conservation (Pressey and Bottrill, 2009; Sanderson et al., 2002) . Understanding how and where the lanner falcon occurs in a landscape that is becoming increasingly degraded and fragmented by anthropogenic pressure is a necessary prerequisite for conservation planning that aims to mitigate the population decline in its core Mediterranean range. Therefore, the first purpose of this study was to model the distribution of the lanner falcon at the landscape scale, to categorise the environmental features that best predict its habitat preferences.
As an Annex-I species, the lanner falcon would benefit from Special Protected Areas (SPAs) implemented on behalf of the Birds Directive. The Insecurity index can be used to assess the degree to which any target species is represented in an existing system of protected areas (Díaz-Gómez et al., 2013) . Therefore, the second purpose of this study was to quantify how much of the regional N2000 network envelops the species' habitat preferences to further implement conservation actions.
The aims in more detail were: (i) to check whether there is a spatial structure in lanner falcon occupancy; (ii) to identify the landscape factors that influence its occupancy in Sicily; (iii) to assess whether the current regional N2000 network is adequate to preserve the population; (iv) to highlight conservation actions required to viably maintain, inside and outside the N2000 networks, the largest European population of lanner falcons.
Materials and methods

Study area
Sicily, the largest Mediterranean island, was selected as a study area that is representative of the lanner falcon range. It extends over an area of 25,832 km 2 and is one of the most populated regions of Italy (193 inhabitants per km 2 ). Almost 24.4% of the territory is mountainous, 61.4% is composed of highlands, and 14.2% of the surface is lowland. Forests and Mediterranean vegetation, of which almost 6-8% burns every year, cover 8.4% of the surface area (APAT, 2005) . There is considerable habitat heterogeneity in hilly and flat inland areas, where cultivation zones (especially arable land, fodder, vineyards and olive orchards) alternate with forest patches of non-native species (Pinus spp. and Eucalyptus spp.), natural evergreen woodlands (Quercus spp.), Mediterranean xeric grasslands and shrub vegetation.
Census and the measurement of variables at the landscape scale
The database of lanner falcon occupancy (i.e. presence/absence) was obtained from the Atlas of Sicily (AA.VV., 2008) and from specific field surveys in the breeding territories (Andreotti and Leonardi, 2007; Di Vittorio, 2007) . Together with collaborators well-versed in the behaviour and ecology of the lanner falcon, we monitored its population from 2000 to 2009, and we counted 122 different breeding territories; 93 of which were regularly occupied (i.e. those with individuals showing courtship behaviour, breeding attempts and chick-rearing during at least 80% of the study duration). Twenty-nine sites were excluded because they were used irregularly for breeding, were deserted or were definitely occupied by the peregrine falcon (F. peregrinus brookei). All selected territories were visited at least three times during each breeding season: from late January to early March, to check pair settlement or site desertion and to search for alternative sites nearby; from mid-March to late April during the incubation stage and from early May to mid-June during brooding and chick fledging. For the purposes of this study, the occupancy of lanner falcons was expressed in terms of territorial pairs, irrespective of reproduction and breeding success. Observations were made using binoculars and telescopes on clear days and 200-500 m from the nesting cliffs to avoid disturbance to the falcons.
To describe the distribution of lanner falcons at the landscape spatial scale in Sicily, the Universal Transverse Mercator (UTM) grid was employed, as it is commonly used in ornithological studies (e.g. Gregory and Baillie, 1998; Martínez et al., 2003) . For the study of habitat preferences, a case-control design (Manly et al., 2002) was used. The coordinates and characteristics of the lanner falcon nest sites were recorded in the field using a Garmin GPS, identified on 1:50,000-scale maps and then assigned to a UTM cell. A digital map of nest sites was generated and is not publicly available. During the study period, some pairs moved their nest-sites to alternative ones in nearby cliffs. Very often, alternative sites were within the same UTM cell, but in case of UTM changes, the most frequently used (P6 years) UTM cell was taken during the study period as a reference for calculation. Distributional data recorded according to this protocol would reasonably minimise the risk of false absences in UTM cells.
The UTM grid divided the island's territory into 289, 10 Â 10 km cells; 16 coastal cells with less than 2.5 km 2 of land were excluded and only 273 cells were sampled and taken into consideration. Ninety-three UTM cells occupied by lanner falcons were thus compared with 180 unoccupied ones. Thirty environmental variables plus two geographic coordinates were extracted from occupied and unoccupied UTM squares (Table 1) , using a Geographical Information System (ArcGIS 9.0). Three bioclimatic variables were obtained from SCIA (2008) . Ecological variables were represented by the list of potential prey species of the lanner falcon, identified from regional studies (Grenci and Di Vittorio, 2004; Massa et al., 1991) ; whereas other local studies (Andreotti et al., 2008; Ciaccio et al., 1989) identified potential cliff competitors for the breeding space, such as corvids and other raptors. The UTM occupancies of both types of species were obtained from the Regional Atlas database (AA.VV., 2008). Altitude and slope variables were obtained from a digital elevation model (DEM) with 20 m pixels for horizontal and vertical resolution, provided by the Department of Environment and Land Management of Sicily. The land-use subset encompassed seven variables of land-use extents in hectares within each 10 Â 10 km UTM cell, as coded at the second or third hierarchical level (EEA, 2000) and acquired from GIS databases of CORINE Land Cover (CLC) digital maps (scale 1:25,000) of Sicily (http://dataservice.eea.europa.eu/dataservice). For each plot, a further subset representing quantitative land-use changes was calculated, with seven additional variables that expressed the percentage variation in land-use extents in 2006, with respect to those recorded in 2000 (i.e. = [(area of 2006 land use x -area of 2000 land use x)/cell area]; cf. Table A1 ). Fragmentation of the landscape represented the last subset (n = 7 variables) and included the shape, edges and diversity measurements of land-use patches, metrically defined in Forman (1995) and McGarigal and Marks (1995) , and calculated by patch analysis (Rempel et al., 2008) from CLC digital maps.
Multi-collinearity was checked, to avoid the interdependence among explanatory variables, which would hamper model selection, parameter estimation and the interpretation of results in regression analyses (Grosbois et al., 2008) . A preliminary analysis of multiple correlations among the candidate variables was performed and all variables with a Variance Inflation Factor P 5 (i.e. Pearson R 2 P 0.80; Montgomery and Peck, 1982) were excluded. The multi-collinearity tests rejected 17 variables (not reported in Table 1 ) from a former set of 47 potential candidates. The remaining 30 environmental variables (Table 1 ) therefore represent scaled and independent measures of the type and predominance of the landscape features in the study area. Accordingly, they correspond to adequate proxies for modelling the effects of the landscape composition on the lanner falcon occupancy in Sicily and are thus expected to predict the realized species distributions (Soberón, 2007) .
Finally, the spatial autocorrelations among environmental variables and geographical factors were considered, because they could potentially structure the realized distribution of lanner falcons and bias ecological inference when not adequately controlled (Keitt et al., 2002; Legendre et al., 2004) . Spatial structuring in species distributions might result not only from autocorrelation among environmental predictors, but also from the influence of contagious population dynamics and historical factors (Segurado et al., 2006) . The latent spatial structures in the distribution of the lanner falcon were considered by incorporating two further variables, the central latitude (LAT) and longitude (LON) of each UTM cell, and making use of a third-degree polynomial equation to express the geographical coordinates of the sample locations (Legendre and Legendre, 1998; Lobo et al., 2002) . A preliminary forward stepwise regression with the nine terms of the polynomial equation as predictor variables and the presence/absence of the lanner falcon as a response variable was carried out to remove non-significant spatial terms (P > 0.05; Carrete et al., 2007) .
Species distribution model and environmental favourability analysis
To restrict model predictions and provide a solid application of SDMs to the problem of describing the lanner falcon distribution in Sicily, data on the presence and absence (p/a) of the species were used for modelling (Guisan and Zimmermann, 2000; Jiménez-Valverde et al., 2008) , based on statistical background as more detailed in online Appendix A1.
Environmental variables were standardised (mean 0 and variance 1) to eliminate the effect of differences in the original scale of measurement. Statistical significance was set in all analyses at P < 0.05, and means ± standard errors (SE) were reported. Statistics were computed in STATISTICA 10.0 (www.statsoft.com).
A Generalized Linear Model (GLZ, see Hosmer and Lemeshow, 2000) was used to build a model in which the response variable was binomial (p/a = 1/0) followed by a logit link function and a binomial distribution of error structure (McCullagh and Nelder, 1989) . All variables were modelled as continuous, except for the presence/absence of the peregrine falcon, which was entered in models as categorical (p/a = 1/0). The complete set of candidate predictors was separated in different subsets (Table 1) and independent statistical modelling procedures were performed for each subset, in order to avoid over-parameterisation and over-fitting (Grosbois et al., 2008) .
Stepwise procedures are considered an effective data analysis tool when the outcome being studied is new, or the importance of individual covariates is not known (Hosmer and Lemeshow, 2000) . Although the use of stepwise logistic regressions has been criticised (Whittingham et al., 2006) , they have been broadly used (Pearce and Ferrier, 2000; Thuiller, 2003) and still considered able to increase the explanatory power of models (Murtaugh, 2009) . For each logistic regression model, a forward stepwise procedure was initially used, including all variables and their interactions in a given subset at once and the removal of non-significant variables (Wald's test, P to enter = 0.05; P to remove = 0.05, n = 100 iterations). As a second step, the explanatory power of each independent logistic model was compared, using an information theoretic approach involving Akaike's information criterion (AIC; Akaike, 1973) . All models were evaluated by ranking those from the lowest (best) to the highest (worst), computing the difference between each model's AIC value and that of the lowest model (DAIC). Finally, the Akaike model weight (AICw), which averages the ranked models, so that the sum of weights over the set of candidate models is 1 (Conroy and Carroll, 2009 ) was obtained. If two models differed by less than two AIC points, they were considered to receive nearly identical support from the data (Burnham and Anderson, 2002) . As a final step, the above procedures were repeated, considering only the significant explanatory variables with the lowest AIC values, to extract the final subset that best predicts the occupancy of lanner falcons (Murtaugh, 2009) . Over 1200 combinations of these significant variables hold in pairs, trios, etc, were evaluated and ranked by AIC to find the final model with the best explanatory power.
Logistic regression equations usually employed in habitat preference modelling compute probability values based not only on the values of the predictor variables, but also on the relative proportion of individual presences and absences within the dataset. In cases of high prevalence of absences, as in the lanner falcon dataset here (180 absences out of 273 UTM cells), the logistic regression does not adequately describe the species' environmental suitability; therefore a favourability function not conditioned by the presence/absence ratio (Real et al., 2006) was used. This modification of logistic regression assesses the variation in the probability of occurrence of species in certain local conditions, with respect to the overall species prevalence; so that favourability values reflect only the environmental conditions that are appropriate for the species (Acevedo and Real, 2012) . Favourability values were obtained from the probability values yielded by the logistic regression in this way:
where P is the logistic probability value, n 1 is the number of presences and n 0 the number of absences (see details in Real et al., 2006) . The environmental threshold was set at F = 0.5 to average the species' prevalence over the entire sample area.
To assess the classification accuracy of the models, the values of a confusion matrix were used to calculate the correct classification rate (CCR), sensitivity (the ratio of correctly predicted presences to the total number of presences), specificity (the ratio of correctly predicted absences to the total number of absences), and the Area Under the Curve (AUC) of the Receiver Operating Characteristic, which is a measure of the overall probability that a presence site has higher predicted favourability than an absence site. Again, the favourability classification threshold was set at F = 0.5, as the best compromise to minimize the difference between sensitivity and specificity; and for species, like the lanner falcon, which have relatively restricted range (Barbosa et al., 2013) . In addition, four new measures that complete the scrutiny of distribution model (Barbosa et al., 2013) . The under-prediction and over-prediction rates (UPR and OPR, respectively) assess prediction mismatch in SDMs from the perspective of the predicted rather than observed data. Model equilibrium between the observed and the potential area of occupancy have been measured by the potential presence and absence increments (PPI and PAI, respectively). A variation partitioning procedure (Legendre and Legendre, 1998; Lobo et al., 2002) was performed to identify how much of the variation of the final model was explained exclusively by each factor (i.e. pure effect, R 2 pi ), and how much was attributable to their joint effects (i.e. intersection, R 2 ij ). The total variation within the occupancy of the lanner falcon was decomposed among three groups of explanatory variables (p/a of the peregrine falcon, topography, land-use extent and change) obtained from the final model. The proportion of the variation explained, as pure effect and intersection, by each group of explanatory variables was obtained by performing logistic regressions of lanner falcon p/a data on the final model and on pair-wise combinations of the three explanatory groups. Then, the values obtained in the final model were regressed on those yielded by: (i) the three single groups; (ii) the three combinations of two groups (e.g., p/a peregrine falcon plus topography, etc); and (iii) the three groups taken together. This allowed to assess the variation attributable to any pure and intersection effect by subtraction of the adjusted Pearson coefficients of determination (e.g. for intersection of i and j: R 2 ij = R 2 i+j -(R 2 pi + R 2 pj ); see details in Legendre and Legendre, 1998 pp. 529-538; and Muñoz et al., 2005) .
Mapping environmental favourability
The area occupied by the lanner falcon that was classified as favourable after modelling its occupancy, was used to evaluate the degree to which the lanner falcon is represented in the existing N2000 areas and to further identify areas of conservation importance for future conservation efforts. Favourability values for the lanner falcon in each UTM cell indicate how the local probability of presence differs from that expected by chance in the whole study area, taking 0.5 as the threshold above which presence is more likely than absence (Real et al., 2006) . To establish unambiguously differences between favourable and unfavourable cells (Hosmer and Lemeshow, 2000; Real et al., 2006) the favourability values obtained for each 10 Â 10 km UTM cells were distinguished into three classes: <0.20 (unfavourable, i.e. with odds less than 1:4); 0.20-0.80 (intermediate favourability, with intermediate odds); and >0.80 (favourable, i.e. with odds more than 4:1). Once the analytical cartography was generated, the overall Insecurity index of the lanner falcon, which represents the proportion of the fuzzy set of favourable areas for that species not included in the fuzzy set of protected areas (Díaz-Gómez et al., 2013) was measured.
In Sicily (http://www.artasicilia.eu/old_site/web/natura2000/ index.html), 196 areas (172 Sites of Community Interests (SCI), 11 Special Protection Areas (SPA) and 13 SPA/SCIs) encompass the N2000 networks suitable for the lanner falcon, once excluded marine, beach and strictly coastal protected areas. Two networks were independently considered: (i) the ensemble of SPAs and SPA/SCIs specifically designated to protect birds under the Birds Directive, here-to-after the SPA network; (ii) the total regional ensemble of protected areas (i.e., Regional Parks and Reserves, SCIs, SPAs and SPA/SCIs), here-to-after the ALL network. Firstly, the vector map on protected areas was intersected with the UTM projected grid of Sicily. For each polygon of the UTM projected grid, the intersected areas were used to calculate the proportion of the polygon covered by protected areas (Pj). Pj ranges between 0 and 1, with a polygon receiving a value of 1 when is completely covered by protected areas. Then the extent and percentage of both networks of protected areas in the collection of 273 UTM cells were statistically correlated to favourability values of the same cells, and used to obtain Insecurity indexes (0-1) for the lanner falcon. Insecurity indexes were calculated at UTM cell level and then averaged to the collection of UTM cells representing Sicily to obtain the overall Insecurity index and its upper and lower confidence limits at 95% (UCL95% and LCL95%) for both SPA and ALL networks (Díaz-Gómez et al., 2013) .
Results
Lanner distribution model
The occupancy of lanner falcons had a significant geographical effect, as the stepwise GLZ selected the latitude (Wald statistic = 18.663; P = 0.00002) and its interaction with longitude (Wald statistic = 15.477; P = 0.00008). This significant geographical effect was retained in modelling each subset (Table 2) . With regards to the topographic subset, the GLZ showed that the probability of finding a UTM cell occupied by lanner falcons increases with the mean slope (SLO_m), but decreases with the interactions between the mean slope and latitude (SLO_m Â LAT), and between the mean slope and altitude range (SLO_m Â ALT_r); the altitude range (ALT_r), the interaction between the altitude range and latitude (ALT_r Â LAT) and between latitude and longitude (LAT Â LON). In the bioclimatic subset, both the negative effect of interaction between the bioclimatic index and latitude (BCI Â LAT) and again LAT and LAT Â LON, were selected, the first coordinate with a positive effect and the second with a negative effect on lanner falcon occupancy ( Table 2 ). In the ecological subset, LAT and LAT x LON were also selected with the same effects as above, together with the negative effect of the presence of peregrine falcons. Several single land-use variables, such as the extent of arable areas (ARA), natural grasslands and sparsely vegetated areas (GRZ), heterogeneous agricultural areas (HET), and forests and woodlands (FOR), as well as the interaction between arable and natural grasslands (ARA Â GRZ) increased the probability of lanner falcon occupancy, whereas the interaction between arable and heterogeneous agricultural areas (ARA Â HET) and that of latitude and longitude decreased such probability. Modelling the land-use change in 2000-2006 yielded the positive effect of latitude in the variation of natural grasslands and sparsely vegetated areas (GRZ_var Â LAT) on the probability of lanner falcon occupancy; contrariwise to the negative effect of variation in permanent crops (PER_var), of interaction between the variation of heterogeneous agricultural areas and shrubby vegetation associations (HET_var Â SHR_var), and of latitude and longitude. The habitat mosaic subset (Table 2) provided the selection of the interaction between mean shape index and mean patch size (MSI Â MPE), and that of the number of CLCs and latitude (S Â LAT), both with negative effects on lanner falcon occupancy, together with the usual effects of LAT and LAT Â LON.
The AIC values for each model ranged from 276.354 to 321.154 (Table 3 ). The lowest AIC value was obtained for the land-use model that therefore ranked first (DAIC = 0.0) with the highest AICw (0.9997). The second topographic model ranked outside the 2 AIC values (DAIC = 16.249) and had a negligible weight (AICw = 2.961EÀ04. The bioclimatic model ranked in the last place, with the worst performance. The discrimination performances of these models are also shown in Table 3 . For every model, sensitivity, specificity, CCR and AUC measured the proportion of observations that are correctly predicted; whereas UPR and OPR measured the proportion of predictions that are not matched by observations; PPI and PAI measured the model equilibrium between potential and observed occupancy with respect to the reference absence of differences (i.e. reference PPI and PAI = 0). The land-use extent model was confirmed as the best one to describe the occupancy of the lanner falcon, because it showed the relatively highest sensitivity, specificity, AUC and CCR and the lowest UPR values. Mismatches of remaining models were, however, relatively acceptable ranging between 0.172 and 0.383 for UPR; and between 0.244 and 0.536 for OPR. After the land-use extent model, the topographic and ecological models were the second and third, respectively most in equilibrium, due to their relatively lower PPI and PAI (Table 3) .
Despite their large drop in DAICs and negligible AICw, some models (e.g., topographic, ecological) showed a comparable discrimination performance with respect to the highest-ranked model. In addition, the geographical effect of latitude and its interaction with longitude was recurrent in all models. Therefore, to unravel the effects of the geographical variables and other single explanatory variables contained within each of the six models, logistic regressions were repeated with the significant variables previously extracted. The best subset of explanatory variables predicting the occupancy of the lanner falcon selected a mix of nine variables from all subsets except for the bioclimatic one and is also shown in Table 2 . These variables are: three land uses (ARA, ARA Â GRZ, ARA Â HET), two topographic (SLO_m and ALT_r), two land-use changes (HET_var Â SHR_var, GRZ_var Â LAT), one habitat mosaic (S Â LAT) and one ecological (p/a peregrine). The final best subset had a lower AIC (240.611) with respect to the land-use extent model alone, and improved the estimates of correctly predicted observations (specificity = 0.789; CCR = 0.795 and AUC = 0.883). In addition, the final best subset had a lower mismatch between predictions and observations (UPR = 0.113 and OPR = 0.336) and the most acceptable equilibriums between potential and observed occupancies (PPI = 0.215 and PAI = À0.111; Table 3 ). For two measures (sensitivity and UPR), the land-use extent model outperformed the final best subset. The results of the model variation partitioning (Fig. 1) indicate that 55.6% of variation within the final model is accounted for by the pure effect of total land uses (i.e. considering extent, change and CLC number all together); 6.9% is explained by the pure effect of p/a of the peregrine falcon; and 1.1% by the pure effect of topography. The joint effect between topography and p/a of the peregrine falcon (18.8%) was the strongest combination between groups of explanatory factors, followed by the joint effect between topography and land-use variables (15.3%) and then by the joint effect between total land-uses and p/a of the peregrine falcon (10.9%). The joint combination of three groups had a negative value (À8.8%), meaning that all nine variables contained within the best subset have strong opposing effects on the occupancy of lanner falcons in the landscape.
Mapping lanner environmental favourability
Analytical cartography for lanner falcon occupancy, as derived from the nine explanatory variables selected in the best subset model and scaled from unfavourable to favourable values (0-1) is represented in Fig. 2 , which also shows the shapes of all protected areas forming the N2000 networks of Sicily. Visual inspection of Fig. 2 already allows an awareness of the mismatch among shapes of the protected area systems and the UTM cells with favourable values (F > 0.80); as confirmed by the negative statistical correlation between the extent of all areas in the N2000 network and favourability values in UTM cells (s Kendall = À0.09; P < 0.05; Fig. A1 ). The overall Insecurity indexes calculated over the SPA network (I = 0.903; LCL-UCL 95% = 0.894-0.910) and over the ALL areas network (I = 0.834; LCL-UCL 95% = 0.820-0.840) quantified the great proportion of the set of favourable areas for the lanner falcon which is not included in the two networks. Most of such areas are located in open landscapes and agro-systems of western and central Sicily; outside from, or contouring large N2000 sites and Regional parks located mostly in north-eastern and south-eastern of Sicily (Fig. 2) .
The study area represents 96.7% of whole of Sicily and the current N2000 network sampled in the study area is slightly smaller (<1%) than the whole network of Sicily. Arable land, natural grassland and other steppe-like areas belonging to favourable agroecosystems for the lanner falcon encompass around 1,000,000 ha, representing 42% of the study area (Table 4 ). Approximately one third of these agro-ecosystems (34%) fall within UTM cells with high environmental favourability, 46% within the intermediate favourability category, and the remaining 20% within unfavourable cells. Yet, a little more than 50% of lanner falcon occupancy (50 out 93 UTM cells) corresponds to UTM cells with environmental favourability. Total extent of protected areas with environmental favourability for the lanner falcon are around 45,000 ha of the SPA network, and 76,000 ha of the ALL N2000 network, thus corresponding to a little 2-3% of Sicily. On average 7.93% and 13% of each UTM cell extent is protected, under the SPA and ALL network, respectively (Table 4 ). Those figures are very low with respect the corresponding extents (some 500,000 ha in both networks) and averages (some 90% of cell extents in both networks) of areas still unsecure and unprotected but classified as environmentally Table 3 Most significant models explaining lanner falcon occupancy obtained for each combination of explanatory factors using variables in Table 2 . Independent models are ranked according to their discrimination performances starting from the best, with lowest AIC and DAIC and highest AICw. Classification power of models is measured by highest Sensitivity, Specificity, AUC and CCR. UPR and OPR measure misclassification rate of models estimating proportion of predictions not matched by observations. PPI and PAI measure equilibrium between the model and the species' distribution. favourable. The intermediate environmental favourability category has also important figures, hosting 40 of the lanner falcon occupancy cells and relatively higher extents and percentages of protected areas in both N2000 networks.
Discussion
Occupancy data were used to discriminate the environmental factors capable of explaining the potentially favourable habitats for the lanner falcon in a Mediterranean landscape. A good fit of a model does not necessarily imply a straight causal relationship between species distribution and the selected habitat predictors (Austin et al., 1996) . Nonetheless, the modelling procedure suggested that a limited number of topographical, human-related and ecological variables might describe lanner falcon occupancy in the study area.
The population of lanner falcons in Sicily is not randomly distributed across space, as indicated by the significant spatial autocorrelation effect of latitude, its interaction with longitude and with some other significant predictors, across independent modelling. The retention of such spatial component suggests that the species distribution is most probably related to geographical or historical factors or to processes of population dynamics (Legendre and Legendre, 1998) . The geographical effect might actually be the most convincing explanation, as more occupied cells exist in south-western, southern and central areas than other parts of the island. The spatial signal would thus coincide with the geographical distribution of suitable sites and the aggregation of the occupation cells (Sarà, 2008) .
The parsimonious GLZ explanatory model suggested that the most favourable habitats for the lanner falcon are large steppe-like areas at low altitudes, with large mean slope values. A preference for a low altitudinal range might be related to the distribution of hot pseudo-steppes in thermo-Mediterranean climate (Goriup, 1988) , thus confirming the preference of F. b. feldeggii for dry and warm habitats (Ferguson-Lee and Christie, 2001) , or for semi-desert environments as in the Caucasus (Abuladze et al., 1991) . Mean slope values probably relate to the presence of rugged terrains and hence to cliff availability (Balbontín, 2005; Muñoz et al., 2005) , which is a limiting resource for breeding in this obligate cliffdweller (Ferguson-Lee and Christie, 2001) . Despite their tendency to overestimate the best model (e.g. Márquez et al., 2011) , AIC values provide strong support to the role that traditional agricultural land uses have on lanner falcon occupancy. The land-use model alone provided the best support to data and had the best performance. Among land uses, the extent of arable land and natural grassland and their interaction were selected as the best predictors of lanner falcon occupancy.
The Common Agricultural Policy was regarded as the principal culprit for the loss of biodiversity in Europe (Benton et al., 2003; Mattison and Norris, 2005) . Nowadays, the reformed CAP for 2014-20 has still too much diluted environmental prescriptions to benefit biodiversity (Pe'er et al., 2014) . Habitat modification, including the replacement of natural steppes and extensive cereal farmland with intensively-managed agricultural land, negatively affects nearly 70% of the priority species in Europe (Onrubia and Andrés, 2005; Sanderson et al., 2005) . Agricultural land-use change in the study area is rapidly conforming to the agricultural intensification and land abandonment trends observed in Southern European countries (Sokos et al., 2013) , as shown by the statistically significant increase in heterogeneous agricultural areas and shrubby vegetation associations, together with the decrease in natural grasslands in the short period of 2000-2006. The CLC class of 'heterogeneous agricultural areas' is formed by a juxtaposition of small parcels of diverse annual crops, pasture and/or permanent crops such as fruit, olive trees and vines (EEA, 2000) , and is an expression of such agricultural intensification. Intensive olive cultivation threatens traditional agro-ecosystems such as winter cereals, extensively grazed pastures and low-input olive farming (Stoate et al., 2009) . The replacement of the traditional mosaic landscape with intensive olive monocultures led to a substantial reduction of biodiversity (Siebert, 2004) with consequences for some threatened bird species (Santos and Cabral, 2003) . In Sicily, vineyards are unfavourable habitats for bats (Di Salvo et al., 2009 ) and lesser kestrels (Falco naumanni) (Sarà, 2010) , as well as for owls in Spain (Moreno-Mateos et al., 2011) .
These land-use changes are increasingly transforming and eroding the extent of arable land within the study area, and consequently, the lanner falcon occupancy decreases, due to the interaction of arable land and heterogeneous areas. Fragmentation is another aspect of the heterogeneity arising from land abandon-ment and intensively cultivated open landscapes (EEA, 2011; Sokos et al., 2013) . Fragmentation causes an increase in the number of CLC classes per every UTM cells of the study area and has a negative effect on lanner falcon occupancy. In the Iberian peninsula, abandonment results in loss and fragmentation of habitats for birds that require open farmland, such as lesser kestrel (Franco and Sutherland, 2004) , little bustard (Tetrax tetrax) (Silva et al., 2004) , calandra lark (Melanocorypha calandra) . Agricultural land abandonment should not be assumed to benefit conservation, because the abundance of open-habitat bird species, often of higher conservation concern, tend to decrease significantly whereas the abundance of forest birds increases significantly (Sokos et al., 2013) . In addition, land abandonment causes habitat encroachment, which in turn decreases the quantity of ecotonal habitats in the long term (Scozzafava and De Sanctis, 2006) , and alters bird community patterns (Sirami et al., 2008) . Thus, several resident and migrant species (larks, pipits, buntings, sparrows, thrushes, etc.) which are potential prey for the lanner falcon will find unsuitable habitats. In conclusion, would not be surprising that the interaction between the increase in heterogeneous areas and shrubby vegetation has a negative effect on lanner falcon occupancy, because very likely it decreases the species' profitability of hunting territories and foraging efficiency.
Finally, the presence of peregrine falcon constrains lanner occupancy. This issue would be exacerbated by some physical aspects of landscape, yet to be quantified; as shown by the intersection effect of peregrine and topography, which is much stronger than the single pure effects (18.8% vs 6.9% and 1.1% respectively; see Fig. 1 ). The peregrine falcon is expanding in Sicily (Sarà, 2008 ) and a turn-over of sites has often been recorded, with peregrine falcons taking more lanner falcon sites than vice versa. The presence of potential competitors has been suggested as a possible limiting factor of territory occupancy (Carrete et al., 2005) . Morphologically, peregrine and lanner falcons are very similar species (Ferguson-Lee and Christie, 2001) and this raises the possibility of interference competition for breeding and hunting territories, by restricting access of the lanner falcon to otherwise usable habitats (Jenkins and Hockey, 2001; Manzi and Perna, 1994) .
The variation partitioning method selected factors of the greatest probable influence from among those analysed (Lobo et al., 2002) , suggesting how the alteration of agricultural steppe-like habitats by abandonment and intensification might modify the population traits of ecologically equivalent species. For instance, afforestation of slopes and undulated lands (under EU Regulation 2080/92), and habitat encroachment by land abandonment would favour desertion and turn-over of sites, because lanner falcon tends to avoid cliffs on forested habitats (De Lisio, 2007) . Such land-use changes would thus enhance the effect of the peregrine falcon in Table 4 The extents and percentage of favourability classes obtained after modelling the lanner falcon distribution in Sicily. Two current Natura 2000 protection scenarios have been compared: SPA = Special Protected Areas; ALL = the ensemble of SPAs, Sites of Conservation Interest (SCIs), Natural Parks and Preserves, etc. of the study area (2,465,660.94 limiting lanner falcon occupancy, as the intersection effect between peregrine and land-uses (10.90% in Fig. 1 ) revealed. Models obtained in this study are useful for the management of lanner falcons in Mediterranean landscapes, because procedures used to evaluate the discrimination performance of models to data resulted in a relatively high level of correct classifications for the sites, and the analytical cartography based on favourability allowed mapping the realized distribution of lanners. Many favourable habitats for lanner falcon occupancy fall outside the regional N2000 network and less than 25% of the Sicilian population currently breeds within the existing networks. This occurs because large and solitary raptors have generally dispersed populations and large territories (Ferguson-Lee and Christie, 2001) . In addition, pseudo-steppes and traditional agricultural habitats are not well represented in protected areas of Italy (Andreotti et al., 2008) and Spain (Abellán et al., 2011; De la Montaña et al., 2011) and this limits the efficiency of N2000 networks for the conservation of raptors living in agro-ecosystems (Díaz-Gómez et al., 2013) .
Opportunities for the conservation of species whose distribution extends outside the N2000 networks could be represented by AES implemented on behalf of the Rural Development Programmes (De la Concha, 2005) . This implies the necessity of promoting financial support for AES supporting lanner falcon conservation mainly in the most favourable areas of western and central Sicily. Mostly focused on farmland birds, only few AES have been currently targeted to meso-predator conservation, through implementation of actions favouring richness, density and accessibility of their prey (e.g. Arlettaz et al., 2010; Trierweiler et al., 2008) ; and none, to my knowledge, has so far involved top predators.
The scale of AES deployment might be the key factor for success of programmes promoting population persistence and dispersal processes of the lanner falcon. AES at landscape scale among collaborative farmers (McKenzie et al., 2013; Pe'er et al., 2014) are opportune for species of large habitat requirements and should aim to create a network of priority areas, based on the analytical cartography of environmental favourability; both in places where lanner pairs still live in safe conditions and in others where pairs are being exposed to habitat changes. In the first case, the goal would be the protection of unperturbed habitats; whereas in the second case, would be the maintenance of cereal steppes, favouring conversions to grassland, rotation and intercropping practices, while minimising anthropogenic interference and infrastructure building.
The development of AES for lanner falcons could have important conservation implications not only for the target-species per se, because should be necessary to involve the competitive peregrine falcon and other threatened steppe-like raptors like the Egyptian vulture (Neophron percnopterus; Sarà and Di Vittorio, 2003) and the Bonelli eagle (Aquila fasciata; Di Vittorio et al., 2012) . In theory, landscape scale AES would benefit also preys of threatened predators of agro-ecosystems (Delibes-Mateos et al., 2009; Fernandez et al., 2006) . Nevertheless, it is known that the same agricultural policy may be favourable for some species of conservation concern but detrimental to others , and complex interactions between species, such as interference competition, may often generate conflicts between conservation actions (Oro et al., 2009 ). Multi-species problems cannot be solved by local studies and single-species experts. Novel computational methods performing food web simulations (e.g., Livi et al., 2011; Jordán et al., 2012) can suggest key-species and interactions, providing quantitative priorities for conservation and supporting decision-making.
Conclusion
The main challenge of lanner falcon conservation in Sicily lies with measures at a wider spatial scale than the regional N2000 networks, and would thus be posited in the context of the EU Common Agricultural Policy. In addition to the commitment of AES operating at landscape scale, the use of large raptors, as focal AES species, would imply a further advance in conservation planning, because top predators are effective surrogate species for biodiversity conservation (Cabeza et al., 2008; Sergio et al., 2005) , as they support species richness, which in turn regulates and structures most ecosystems (Ritchie and Johnson, 2009; Sergio et al., 2008) . A holistic ecosystem approach is therefore required, as more conceptually sound and efficient, and may provide multi-species solutions and more uniform benefits in conservation efforts.
